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反应缺陷型突变体 sav4(shade avoidance 4)。在模拟遮荫下，sav4 下胚轴不能像
野生型一样正常伸长。通过图位克隆技术，我们发现 SAV4 基因编码一个含有类







DR5::GUS/GFP 的表达研究，我们发现 sav4 突变体的下胚轴中，GUS 报告基因
的横向不对称表达分布的幼苗比例显著增强。在下胚轴的逆向地性生长中，




sav4 下胚轴对重力刺激的敏感性依赖于 PIN3 蛋白，表明 SAV4 有可能影响了 PIN
蛋白的功能。PID 蛋白激酶可以通过磷酸化 PIN 蛋白而改变其极性定位。我们发
现 SAV4 与 PID 存在遗传互作。用酵母双杂交(Y2H)和免疫共沉淀方法，我们检
测到 SAV4 和 PIN3 之间存在相互作用。然而，在 sav4 突变体中，我们没有检测
到 PIN 蛋白的定位和动态有显著的改变。此外，二者的相互作用也没有影响 PIN3



































The phytohormone auxin is involved in essentially every aspect of plant growth 
and development. Through polar auxin transport, proper auxin gradient can be 
established, which then directs differentiation and growth. Shade avoidance and tropic 
responses are two well-known processes that require normal auxin transport. In this 
study, we have identified sav4 (shade avoidance 4) as a mutant impaired in 
shade-induced hypocotyl in simulated shade. Through map-based cloning, we found 
that SAV4 encodes a protein of unkonw functions and contains armadillo 
(ARM)-repeat and tetratricopeptide repeat (TPR)-like domains. C-terminal tagged 
SAV4-YFP (yellow fluorescent protein) localizes to the plasma membrane. In addition, 
SAV4 is polarly distributed facing the shootward side in cells of the hypocotyl and the 
root. Because of the fact that the auxin analog could rescue the short hypocotyl 
phenotype of sav4 and sav4 hypocotyls was specifically defective in shade-induced 
auxin-responsive genes in shade, we speculate that  sav4 may affect polar auxin 
transport. To test this idea, we measured the basipetal auxin transport in hypocotyls of 
etiolated seedlings, and found that sav4 was imapred in basipetal auxin transport, 
which was consistent with our hypothesis. Interestingly, we found that sav4 mutant 
enhanced hypocotyl gravitrpism. By using the auxin response reporter 
DR5::GUS/GFP, we found that sav4 displayed an increased incidence of asymmetric 
auxin distribution across the hypocotyl. During the hypocotyl gravitropic response, 
the formation of asymmetrical DR5::GFP signal was faster in sav4 than in the wild 
type. Hence, we infer that loss of SAV4 will impair the basipetal auxin transport and 
increase lateral auxin transport in the hypocotyls. 
The auxin efflux facilitator PINs play a critical role in both the shade avoidance 
and tropic responses. The hypocotyl gravitropism of sav4 required functional PIN3, 
indicating that SAV4 may affect the auxin transport through regulating PINs. The 
















PINs localization. Our results showed that there was genetic interaction between 
SAV4 and PID. Furthermore, we detected the interaction SAV4 and PIN3 using Y2H 
and coimmunoprecipitation. However, PINs localization and trafficking were 
seemingly unaffected in the sav4 mutant, and SAV4 did not affect PIN3 
phosphorylation and the activation of PIN3 by D6PK-mediated phosphorylation. In 
summary, SAV4 is likely to affect auxin distribution within tissues and the plant 
responses to the environmental cues by regulating polar auxin transport. 




























降，形成遮荫。如图 1.1 所示，白光经过拟南芥(Arabidopsis thaliana)叶片的遮挡，
光强和 R:FR 都显著下降[2]。光强和 R:FR 比例的降低会引起避荫植物，比如拟





























图 1.1 白光或者经拟南芥叶片滤过的白光的光谱分布[2] 
Fig. 1.1 Spectral photon distribution of day light and daylight filtered through 
Arabidopsis leaves 
 
图 1.2 野生型 Col-0 和避荫反应缺失突变体 sav3-2 的下胚轴在低 R:FR 的表型[4] 






















业生产，比如 NAA(1-Naphthaleneacetic acid)，2，4-D(2-4-dichlorophenoxyacetic 
acid)和 Picloram。 
研究表明，生长素的合成、运输和反应过程都会影响植物的避荫反应[4, 17]。
低 R:FR 处理在短时间内(1 小时)会诱导叶片中 IAA 合成的增加，两天后在下胚




径为色氨酸依赖性途径。首先，色氨酸经 TAA1(Tryptophan aminotransferase of 
Arabidopsis 1) 催 化 生 成 IPA ， 然 后 IPA 在 YUC (YUCCA ， Flavin 
monooxygenase-like proteins)的催化下生成 IAA[4, 20, 21]。sav3/taa1 突变体在遮荫下
会表现出避荫反应的缺失，如下胚轴和叶柄有伸长缺陷，叶片面积减小等等，说
明 TAA1 介导的 IAA 合成是植物避荫反应中不可或缺的组分。尽管 TAA1 在生
长素合成中作用很关键，但它并不是一个限速酶，因为 TAA1 过表达不会造成生
长素过度积累[4]。拟南芥含有 11 个 YUC 基因，一些 YUCs 在遮荫下会被强烈诱
导，比如 YUC2、YUC5、YUC8 和 YUC9[13, 20, 22]。yuc1yuc4 下胚轴在遮荫下与
sav3/taa1 一样短小，YUC 过表达则会造成生长素积累，使下胚轴明显伸长[23]，
说明 YUC 介导的生长素合成是 IAA 合成中的一个限速酶，并且该过程对避荫反
应是必不可少的。 
生长素要经过极性运输由叶片转移到下胚轴才能促进下胚轴延伸，如果用
NPA 阻断生长素运输或者是生长素运输载体 PIN3(PIN-FORMED 3)的突变，都会
抑制下胚轴在遮荫下的伸长[4, 17]，说明避荫反应需要完整的生长素运输途径。
Keuskamp 等的研究结果表明，遮荫会影响 PIN3 蛋白的定位，而 PIN 蛋白的极
性定位又直接决定了生长素运输的方向[24]。PIN3 在高 R:FR 下定位于内皮层细
胞的底部，这与生长素运输的方向是一致的，而低 R:FR 会引起 PIN3 由底部转
移到侧面，使生长素由维管束运输到表皮细胞，从而促进其伸长[25]。与此相一
致，在低R:FR下，生长素反应报告基因 IAA19::GUS在叶柄两侧的表达会增强[26]。 
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